About the Author
Dr. Peter Gevorkian, PhD EE, P. E. holds a BSCE (Honors) in electrical engineering, an MS in computer science, and a PhD in electrical engineering. His expertise lies in renewable energy sources such as solar power, fuel cells, and micro turbine cogeneration. He has designed more than 50 MW of photovoltaic systems for healthcare, aviation, and regional utility companies across the United States. An active member of the Canadian and California Professional Engineering Society of Engineers, Dr. Gevorkian is an internationally acclaimed engineering consultant and scientist specializing in renewable energy.
Over his career, spanning nearly 40 years, Dr. Gevorkian has received numerous honors and awards and has contributed numerous technology innovations in solar power, process control, and automation systems: Dr. Gevorkian has taught computer science, automation control, and renewable energy systems engineering. He has published many technical papers for national and international symposiums and has authored several technical books on renewable energy systems design. He has received international acclaim as best-selling author, and some of his books have been translated into Chinese and are being used as textbooks in the United States and abroad. His books, published by McGraw-Hill, include: Dr. Gevorkian is extensively involved in research and development of numerous innovations in solar and energy production technologies. His specific technology innovations in solar power include a high-precision solar power energy management and life-safety control system, energy production prognostication, and econometric analytical software systems.
Dr. Gevorkian is also president of his own company, Vector Delta Design Group, an electrical engineering and solar power consulting organization located in La Canada Flintridge, California, that specializes in industrial, commercial, and residential projects. Dr. Peter Gevorkian have a title that tells it all. What this book does is something that everyone in that area of work needs to do: be creative and innovative from a multitude of dimensions, disciplines, and perspectives. Large and small solar systems today are being recognized as the solution to climate change, and they are also responsible for the creation of new companies and jobs at all levels.
To start with, Dr. Gevorkian and I share many things in common. We are both authors of numerous books, have published many papers, and have conducted extensive seminars and lectures in numerous institutions of higher learning in the United States and abroad. Both of us have multiple advanced graduate degrees, with the only difference being that Dr. Gevorkian's are more in the fields of sciences and engineering, whereas mine are in the social sciences. We both look at the same world, but from complementary perspectives.
Nonetheless, we see the solution to the world's problems in much the same way: through stopping climate change and providing smart, green, sustainable communities. The key here is that his book uses multi-scientific perspectives to examine problems using clear scientific approaches to resolve climate change. What I have done is similar, but using the social sciences, although one of my goals is to turn economics into a science much as this book does.
The use of science and, especially, its processes to solve problems is critical. And that is what Dr. Gevorkian's book does successfully. In my publications, in parallel, I have taken a scientific approach to economics through the use of physics and linguistics and have applied their insights to public policy, government, social media, and social sciences, such as anthropology, sociology, and psychology. I know that in the near future Dr. Gevorkian and I will collaborate to write a book that connects all these fields.
Consider some themes in Solar Power Generation Problems, Solutions, and Monitoring that highlight the scientific need for operational safety and reliability of large-scale solar systems. This entire area is critical; Dr. Gevorkian notes how rapidly solar technology has developed and expanded into a global multi-billion dollar industry. However, the proliferation of large-scale solar power system deployment is xiii www.cambridge.org © in this web service Cambridge University Press Cambridge University Press 978-1-107-12037-2 -Solar Power Generation Problems, Solutions, and Monitoring Peter Gevorkian Frontmatter More information also an Achilles heel since, as Dr. Gevorkian states, there is a basic requirement to have "significant knowledge of electrical power engineering, fundamental knowledge in grid power connectivity, power transmission, system design analysis, fault current analysis, system failure and alarm detection, econometric analysis, and much more."
The issues discussed in Dr. Gevorkian's book are extremely important and are not being adequately addressed by the solar industry, let alone by government policy makers or the funding and economic financers. As discussed in the book, there is a long list of issues that reveal the fundamental need for engineering design, planning, execution, and fault detection in photovoltaic modules, as well as energy management analytics, which must be addressed by the industry to render solar power energy production a viable base-load alternative for energy as opposed to polluting forms of electrical energy production. Ignoring the solar power technology problem leads to solar power system failures, which means loss of power, dangers to life safety, and related hazards along with loss of property. These issues are the externalities to economics, which are rarely accounted for in most industries, and must especially be addressed in the "green industrial revolution," in order to support it and make it a paradigm change for the world. The problems that this book addresses will lead to the prevention of liability problems, as well as serious loss of lives, property, and return on investment, which are all issues not presently addressed by the industry.
In addition, the book examines and explores solutions to these and other problems. The application of science to meet and correct these problems is carried out through the concepts and ideas reflected in the book, such as the implementation of smart grids, which illustrate the multidisciplinary nature of solar power technology and of the approaches that are required to solve global climate problems today, not 20 to 30 years from now. Climate change is threatening the world now. And these scientific solutions are needed now.
Social scientists need to read this book. They need to know what the science is about and to familiarize themselves with how to apply it when looking at large or even small on-site solar power systems. The need to gather qualitative and quantitative data, for example, is extremely important. Hypotheses must be made, tested, and retested with both observable and numerical results. In order for economics, a social science, to be scientific, in the end there must exist sets of well-defined standards and use of methodologies to validate data of the most important energy source. But these standards and methodologies have not yet matured. Above all, such scientific processes, methods, and standards, with their evaluations and conclusions, mean that reuse and testing are valid and predictable. This book and its ideas establish such scientific criteria and standards, which benefit engineers, scientists, economists, and social scientists, as well as educators and government policy makers by allowing them to understand the fundamentals of the solar power energygeneration technology industry.
As Dr. Gevorkian concludes xiv Foreword www.cambridge.org © in this web service Cambridge University Press Cambridge University Press 978-1-107-12037-2 -Solar Power Generation Problems, Solutions, and Monitoring Peter Gevorkian Frontmatter More information When considering Earth's limited resources, solar energy is the most viable energy form. Research and development for the deployment of solar power technology is of paramount importance to the survival of mankind, and the promotion of alternative and solar power studies by higher learning institutions worldwide must be an academic priority.
We all need to know, understand, and practice this. In short, solar energy use is our future today. It is one of the most enduring and viable energy sources for future generations.
Woodrow W. Clark II, MA 3 , PhD significant issues that concern solar power generation, including power output, energy monitoring, energy output enhancement, and fault detection, as well as fire and life safety hazard mitigation. To date, these major concerns have not been addressed in print, which makes this publication timely and valuable for students and professionals. This new book also includes a special chapter on the sometimes confusing legal language commonly used in large-scale solar power contracts. These samples of legal terminology give the reader insight into the complexities of third-party solar power financing. While this is not a subject well known or written about in technology books, some understanding will prove valuable.
Today, power system assembly and integration require minimal knowledge of engineering design. The field has almost become a plug-and-play technology. By interconnecting photovoltaic modules in series or tandem and connecting them to a power inverter, direct current is transformed into alternating current as a ready-to-consume source of energy. The simplicity of solar power system integration accounts for the rapid expansion of the technology, which is now a multi-billion-dollar global industry. But the field also suffers from an Achilles heel, since photovoltaic DC-to-AC power conversion on a large scale requires significant knowledge of electrical power engineering and fundamental knowledge of grid power connectivity, power transmission, system design analysis, fault current analysis, system failure and alarm detection, econometric analysis, and much more.
At present, most large-scale solar power installations lack adequate technology to detect and mitigate faults in solar power systems or sub-systems. These faults often go undetected for extended periods, resulting in significant revenue losses. Detecting failures in photovoltaic modules is a difficult task since they do not exhibit visible signs of failure in either active energized or de-energized mode. In general, the only means of verifying solar power functionality is to monitor the aggregate mean power output from an inverter and correlate the output with baseline or historical data which is impossible task. Furthermore, solar power system failures can cause high-voltage electrical shorts and ground faults that can result in life safety hazards, fire damage, and material and property losses.
The main objective of this book is to highlight some of the most important issues associated with large-scale solar power systems, which have always been associated with the technology yet have never been explicitly discussed in print. Well-documented issues, such as solar power fire and life safety hazards, have recently necessitated revision of the National Electrical Code (NEC). The 2014 NEC solar power code (Section 690) now includes a special mandate for solar power ground-fault current (the cause of most roof-mount solar power fires) that must be included as part of all future solar power system installations. Unfortunately, the mandate does not provide concrete guidelines for accomplishing this goal.
As a design consultant on large-scale solar power systems, I have been quite concerned that large-scale solar power energy production viability could become a major deterrent if the present technology hazards are not resolved. This book 
includes coverage of important material required for understanding significant issues associated with large-scale solar power generation technologies.
Chapters 1 through 11 of this book include systematic discussion of subjects and topics that must be well understood by industry, government, and educational organizations that are contemplating ownership or deployment of large-scale solar power systems. As mentioned earlier in this introduction, although this book is primarily aiming to highlight some of the technology issues, I have also included some of the important discussions about design and construction methodologies that were in my aforementioned earlier publications. This book is written to provide a systematic review of underlying factors, which include engineering design, solar power construction, and operation and maintenance.
The progression of chapters in this book commences with definitions of types of energies; fundamental laws of energy conservation and entropy; fundamental coverage of types of solar power technologies; common issues and problems associated with design, construction, and maintenance; and economics of procuring, operating, and maintaining solar power-generation systems.
Additional chapters are devoted to advanced solar power energy technologies, peak power energy production, life and fire hazard prevention technologies, and novel research and product development technologies that render large-scale solar power energy generation a viable economic investment. Also included in this book are several appendixes that include specific design reference materials and support literature for various chapters. The book also includes supplemental references to various solar power technology publications and publications on solar power design, construction, and econometrics.
The final chapter of the book is dedicated to alternative and renewable energy studies. I am of the opinion that some of the major issues discussed are a result of the complex nature of photovoltaic solar power system technologies, which require thorough familiarity with multidisciplinary science and engineering subjects. Current engineering curriculums do not include comprehensive alternative and renewable energy studies, and most engineering consultants tasked with designing large-scale solar power systems do not have specialized training on the subject. To fill this knowledge gap, I have outlined a comprehensive engineering curriculum in Appendix F of this book, which covers pragmatic knowledge and methodology for design, construction, and testing for large-scale solar power systems.
Contents of Chapters
Chapter 1 includes discussion of conservation of energy, which is essential for understanding natural laws as to how energy is generated and transformed from one form to another. Discussion is followed by the fundamental concepts of the first and second laws of thermodynamics and of life and entropy (or unidirectional loss of energy). This material is intended to underline the importance as to why mankind should be mindful of conservation of global energy resources and their use. Finally, readers are introduced to the concept of types of energies in various scientific fields.
Chapter 2 highlights the importance of large-scale solar power energy production, which includes specific topics that cover principles of photovoltaic phenomena and electrical energy generation from photons, as well as electrical power generation by conventional technologies. The main objective of this chapter is to familiarize the reader with how conventional photovoltaic (flat-panel system) solar power is integrated with the electrical grid.
Chapter 3 introduces concentrator-type photovoltaic (CPV) power technologies, their differentiation from flat-panel technologies, and the methodology of grid connection. Readers are also provided with a brief overview of third-party power purchase contracts.
Chapter 4 presents some of the most important core issues associated with solar power technologies that are most often overlooked by consumers, owners, and technology providers. Even though technologies for photovoltaic solar power generation have been around for several decades, there are numerous shortcomings and significant issues that are not understood by the public. In addition to technology shortcomings, solar power systems, if they are not designed and deployed properly, can create significant life safety and fire hazards. This chapter highlights issues and problems associated with the technology and provides readers an awareness of how to avoid missteps prevalent in most solar power system installations.
Chapter 5 includes step-by-step guidelines as to what is needed to circumvent some of the shortcomings and hazards associated with solar power technologies. The reader is introduced to fundamental concepts of solar power feasibility studies, design methodology, econometric analysis, and essential measures required for developing proper engineering design plans, technical specifications, and procurement documents.
Chapter 6 includes guidelines for solar power construction, logistics, construction supervision, project management, and required test procedures, which are essential to ensure proper deployment of solar power projects.
Chapter 7 is intended to familiarize users, investors, and owners of large-scale solar power systems with the dynamics of solar power construction economics and financing options. The contents also include significant topics related to various US solar power initiative programs, grid-connection metering requirements, benefits and limitations of feed-in tariffs, and advantages and responsibilities of solar power system ownership.
Chapter 8 discusses in detail the legal language associated with large-scale solar power contracts. These contracts generally include complicated legal terms and conditions that can only be understood by legal professionals. Terms and conditions outlined in the legal documents are convoluted and complex, since they are generally designed to protect the third-party investment or energy-providing organizations. This chapter includes step-by-step synthesis and interpretations of commonly used terminologies.
This segment is of significant importance for organizations that may be contemplating procurement and financing of large-scale solar power contracts through what are known as power purchase agreements (PPAs). 
Chapter 9 introduces novel advancements required to mitigate some of the current shortcomings of large-scale solar power system technologies. The chapter includes comprehensive technology innovation proposed by the author. Proposed research and development of advanced products include end-to-end solutions, which include special photovoltaic (PV) module submetering system hardware, firmware, and analytics software developed by the author.
Chapter 10 covers recent advances in various technologies that have been developed to address some of the shortcomings associated with solar power technologies. Technologies covered include microinverters, peak power tracking, and string inverters. Also included are analysis and comparison of the technologies by third-party agencies.
Chapter 11 introduces the reader to advanced solar power generation and integration with the smart grid system. The topics covered include transition of conventional and renewable energy electrical power generation to the smart grid system, issues associated with the future of energy demand and supply, the principal function and architecture of future Super Smart Grid systems, and the future economic impact of smart grid systems.
Chapter 12 includes comprehensive coverage of conventional as well as advancements in large-scale energy storage systems.
Appendix A includes fundamental terminologies used in solar power systems. Appendix B includes a comprehensive guideline for conducting a solar power feasibility study. Subjects covered include solar power platform analysis, site survey guidelines and logs, preliminary design evaluation, shading analysis, solar power sizing study, environmental factor considerations, and specific guidelines for preparing feasibility study reports.
Appendix C includes comprehensive large-scale solar power system test methodology and dynamic test procedure requirements.
Appendix D describes the Bakersfield, California, solar power fire. Appendix E includes detailed listings of solar power incentives in the United States and worldwide feed-in tariffs, which are prevalent on all continents.
Appendix F proposes an educational curriculum for advanced degrees in Alternative and Solar Power Sciences and Engineering.
Appendix G includes a line-by-line historical timeline of solar power energy generation.
For the last few years, it has been a privilege and honor for me to know Dr. Peter Gevorkian, an eminent scientist, a research engineer of high caliber, a prominent author, and an educator actively engaged over the three last decades in the sunrise field of renewable energy and solar PV systems.
This book is the culmination of his vast experience as a research scholar and a practicing engineer of international repute, which has been well demonstrated in the six textbooks authored by him over the last decade. But this magnum opus is a watershed in his extensive and everlasting contributions to explaining the significance of this complex discipline. This work further consolidates all the important concepts of his subject under one cover and brings to the public domain many critical issues that until now have not been easily available to the general public.
The book demonstrates his mastery of this multidisciplinary subject. It covers almost all critical aspects and will prove extremely helpful to any practicing engineer, whether involved in design, engineering, research, project management, operation, maintenance, diagnostics, and so on, as well as those involved in the commercial and economic considerations of setting up solar farms.
Apart from being a visionary and a great engineer, Dr. Gevorkian is a linguist, a poet, and a versatile painter, but above all he is a philosopher with deep knowledge of both western and eastern philosophies, which enables him to look at any topic in a most unbiased way and to examine a multiplicity of viewpoints with their relative merits and demerits. He has utilized these resources in a most effective way to make this book a magnum opus of solar PV systems.
The future of solar PV installations is very bright on a worldwide basis, which will be a boon to reduce greenhouse gas (GHG) emissions. This book will enable all practicing engineers in the field to understand how we should look at such systems in totality. The numerous benefits that will flow from following the very clear and wellpresented explanations of diverse areas in this complex discipline will also greatly improve the overall economics of solar systems, ensuring uninterrupted power generation with a minimum of downtime, which has been a common problem and has bedeviled a large number of solar farms designed and installed earlier. Though there may be temporary disturbances in getting subsidies, tariff reliefs, or an xxvii www.cambridge.org © in this web service Cambridge University Press Cambridge University Press 978-1-107-12037-2 -Solar Power Generation Problems, Solutions, and Monitoring Peter Gevorkian Frontmatter More information improved regulatory environment, the goal of achieving grid parity for solar energy is now much nearer. This book will light the path.
Dr. Jagdish Doshi International Consulting Engineer Industrial and Renewable Energy New York and Mumbai
In my opinion, Dr. Gevorkian's book, Solar Power Generation Problems, Solutions, and Monitoring is an outstanding and masterful assessment of a wide variety of issues associated with the design, planning, installation, financing, and operation of large-scale solar power generation systems.
In his latest book, Dr. Gevorkian discusses at length a variety of systems design and development issues, along with shortcomings of the technology. In addition, the book includes advanced design and methodologies required to mitigate existing problems. Dr. Gevorkian's writing, as always, is lucid, simple to read, and highly insightful. The book meticulously outlines significant issues associated with largescale solar power generation design, deployment, financing, and maintenance, which have never been discussed in print before.
Dr. Gevorkian's perspective on financing large-scale solar systems, particularly regarding such highly discussed options as customer rebates and feed-in tariffs, especially legal issues associated with large-scale power financing, offers readers valuable information about how to navigate the complex decisions that users must eventually make in measuring affordability, payback, and overall cost-benefit.
In particular, Dr. Gevorkian's work makes effective arguments and presentations regarding the significant potential assets and liabilities associated with large-scale solar power generation as the most variable source of future energy production. I have known Dr. Gevorkian for many years and have always valued his profound knowledge in solar and alternative energy disciplines, as well as his numerous contributions to solar power technologies. In addition to being indispensable design guidelines for solar power engineers, Dr. Gevorkian's books are outstanding academic textbooks in solar and alternative energy power generation. I would like to congratulate Dr. Gevorkian for authoring yet another excellent and highly informative book.
Dr. Sam E. Mahsoul, PhD, PE Professor of Electrical and Mechanical Engineering and Energy Management UCLA
With the ever-increasing government-supported initiatives and private-sector investments in green technology, the solar industry has become one of the most rapid-growth industries in the modern era, yet it is still in its infancy.
Solar has now become the epicenter of our day-to-day lives and activities: solar cars, solar homes, solar, solar street lighting, and even solar-enabled streets. While this is a promising step toward a greener future, with associated cost savings, there is a fundamental need for education and training to deal with all these solar-dependent
